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! Z, e !
Ze, and e! W are considered simultaneousely and in the Standard model
the covariant polarization density matrices of vector bosons for these processes
are obtained explicitly from one of the processes, e! Ze. The eect of the
photon polarization as well as the vector meson polarization is considered and
some special cases are discussed.
PACS number: 12.15.Ji, 13.10.+q, 13.88.+e
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I. INTRODUCTION
The standard model (SM) provides an excellent description of physics below the elec-
troweak scale but we also believe that new physics beyond the SM must exist at higher




! Z, e ! Ze, and e ! W are the simplest ones to




! Z process can be investigated experimentally at relatively low
energy scale. This process was also considered to search for the number of neutrino genera-




!  at the
low energy is the Z
0








 and the subsequent
decay of Z
0
into . The processes e! Ze and e! W might be possible experimetally





These processes have been discussed in order to investigate the eect of possible devia-
tions from the SM through the anomalous terms of vector meson couplings. The anomalous




! Z [3,4] and also in the process





! Z process can be described in the c.m. frame, the e ! Ze and
e! W processes are not necessarily in the c.m. frame since the energy of the Compton
backscattered photons is less than that of the initial electron beam. Usually the helicity
formalism in the c.m. frame has been used.




! Z, e ! Ze, and
e ! W simultaneously in an arbitrary frame. The covariant density matrix formalism
[12] is used to obtain the polarization of vector mesons. In the SM, it is shown that these
three processes are interrelated and, therefore, starting from the process e ! Ze, the
result of other two processes can be obtained, even though the e ! Ze and e ! W
processes are described by dierent Feynman diagrams, i.e., in the e ! Ze there are no





in the c.m. frame previously by us [13] can be reproduced from a general and much simpler
form obtained from the e! Ze process.
2
The general consideration of these processes in the SM can be useful in considering the
new physics beyond the SM and it is also useful to discuss the contribution of the processes
to the other nal states like the e!  even in the SM. If the anomalous vector coupling
terms in these processes are considered beyond the SM, the situation is changed and the
eect of additional terms can be checked through the polarization of vector bosons. The
method discussed here can be used for the investigation of possible deviations from the SM.
3
II. TRANSITION AMPLITUDE OF VECTOR BOSON PRODUCTION
In the SM, the transition amplitude of the e! Ze process is described in the tree level





































































are momenta of incoming photon, incoming electron, outgoing Z
0
,











































































































































The transition amplitudes for the e ! Ze and e ! W look quite dierent due to
their Feynman diagrams as shown as Figs. 1 and 2. But the term in the bracket of Eq. (3)





































































































































































































are momenta of positron , electron, photon, and Z
0
, respectively,






















), respectively. The dierential cross sections as well as polarization
vectors and tensors of vector bosons can be obtained from those obtained in the process
e ! Ze. The transition amplitudes become simplied if the helicity formalism is used,




! Z, e ! Ze, and
e! W simultaneously.
III. POLARIZATION EFFECTS
Once the transition amplitude producing the vector mesons is given, it is straightforward
to obtain the polarization vector and tensor of the spin-1 particle according to the following
method.
The wave vector "

(p; ) of a massive spin-1 particle is expressed as [12]
"























; s^) in three








form a tetrad. The wave vector
"























































is the standard spin-1 angular momentum matrix, and

























































































of the polarization density matrix obtained by folding 












































































































called the covariant vector and tensor polar-
































The polarization eect of the initial photon beam as in the e reactions can be obtained
easily in the c.m. frame using the Coulomb gauge. But, sometimes it is convenient to choose
























which are dened in massive spin-1 particle case in Eq. (7). A natural cartesian basis for
a polarization vector "

() with a momentum k
1















for the momenta of the incident electron and nal fermion in the e reaction. Then we can




























































































































are Stokes parameters of the photon beam.















































































can be obtained from Eqs. (12) and (22) explicitly.






















































































































































































































so that s and t are
interchanged, and the explicit form in the c.m. frame was considered in Ref. [13].
It is found that in the SM Eqs. (23) and (24) can be used for the e! W process after

R








. Therefore, one can obtain




































































where the azimuthal angle  which species the linear polarization of the photon through
the Stokes parameters 
i
(i = 1; 3) can be chosen to be 0 without the loss of generality [13,14].




































The result of Eq. (27) is of a covariant form and it can be obtained by using the covariant
photon polarization, Eq. (21), but then one obtain the  = 0 case. It is noted that, if the
incoming photon beam is unpolarized, the 
i
become zero and the result is the same as that
in Ref. [8]. Also the relation in the square bracket of Eq. (29) is the same as that of Eq. (26)
in the process e! Ze except 
R
= 0, and it diers from Eq. (4.3) of Ref. [5] which must
be corrected. On the other hand, one can obtain the same result of dierential cross section
for the process e ! Ze as that in Ref. [5] in the center of mass frame of  and e from
Eqs. (26) and (28) when the incident photon beam is polarized.
From the explicit form of 
















































































































































































































































































































































! Z was given in Ref. [13],




and Coulomb gauge for the photon beams are chosen,
and they can be obtained from Eqs. (30)-(31) as a special case. Moreover, the above results
can be used to obtain for the polarization vector P
W





W boson in the process e ! W, by putting 
R





Eqs. (24) and (31).




terms are symmetric in the indices  and , and
the 
2






in Eq. (31) depend on the













. Explicitly the inuence of












































































































































































































































IV. DECAY OF VECTOR BOSONS
Once the vector bosons like Z
0
's or W 's are produced, they have the polarization vector
P

and polarization tensor Q

and they decay into lighter particles immediately. The
density matrix for the vector mesons can be used in this case. Since the Z
0
decay has been
considered previously [13,15], consider here the case that a W decays into a lepton and a
neutrino.





























Proca vector of the W before its decay. The full amplitude for the production of W followed
by its subsequent decay can be obtained if "

W
in Eq. (34) is replaced by 

W
in Eq. (11) and
multiplied by the W propagator in the Wigner-Breit form.























































From the explicit expression of 





as in Eq. (14), one obtains








































, the asymmetry due to
the photon polarization can be obtained from Eq. (36).
If 



















































In particular, when the W decays in its rest frame, the n

i





which can be chosen as unit vectors along the x; y, and z direction, respectively. Using the
explicit form of "

() in Eq. (37) given by Eq. (7), one obtains the angular distribution of


















































The density matrix elements can be obtained experimentally by investigating the angular
dependence of the outgoing lepton beam. On the other hand, 

0
can be obtained from


























Therefore, it depends on the polarization vector
~










































































































































Usually, the x  z axis is chosen in the production plane.
V. CONCLUSION AND DISCUSSION
The polarization vector P

and polarization tensor Q

in the e ! Ze process are
obtained explicitly by means of the covariant density matrix formalism. Using the crossing
symmetry, these results can be used to obtain the polarization of Z
0





! Z process. It is shown that in the SM, the polarization of theW boson polarization
in the e ! W process can be obtained from that of Z
0
in the e ! Ze process just by
putting 
R

















Since the results are of the covariant form, they can be used in any frame, e.g., in the
c.m. frame or in the rest frame of the vector bosons. The usual results discussed in the c.m.
frame using the helicity formalism can be reproduced from the covariant results.
Some possible deviations from the SM have been considered by several authors through
the anomalous gauge-boson-couplings, in the CP conserving cases [3,8,10,11] as well as CP







. Therefore, the universality considered in the SM would not be held in general, and
the underlying models for such changes can be investigated through the polarization eects
of vector bosons as well as those of fermion and photon involved in the reactions.
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FIGURE CAPTIONS
Fig. 1 Feynman diagrams for the process e! Z
0
e in the SM (a) and (b), and the anomalous
contribution (c).
Fig. 2 Feynman diagrams for the process e! W in the SM (a) and (b), and the anomalous
contribution (c).






 in the SM (a) and (b), and the
anomalous contribution (c).
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